DURING recent years great progress has been made both in this country and on the Continent in the treatment of malignant tumours by means of radium. To Wickham, Degrais and Dominici, of Paris, we owe our present knowledge of radium therapy. So long ago as the year 1904, Wickham and Degrais first commenced to treat superficial growths with any degree of success, though four years previously Danlos, also of Paris, had tried the effect of radium upon cancer. However, the greatest advance in the use of this agent for therapeutic purposes was inade by Dominici, who initiated the method of burying the tube containing the radium in the growth itself. Further, this same observer carried out an investigation into the microscopic changes which take place more especially in sarcomata, when exposed to the rays of radium.
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For some months I have been carrying out an investigation into the changes which take place in the cells of malignant growths, when exposed to the gamma.rays of radium. The procedure which I have adopted in this investigation is as follows:
A small portion of the growth is removed before exposure to these rays for the purpose of comparison between the radiated and the nonradiated cancer cell. On removal of the tube of radium, which ia every case was embedded in the tumour for periods varying from fifteen to twenty-four hours, that part of the growth in actual contact with the tube of radium was excised. Further portions of the tumour were reinoved for microscopical examination at intervals of forty-eight houars to two months.
The tissues submitted to the action of the gamma-rays when removed by the scalpel appeared to be completely insensitive, and it was not found necessary to make use of either general or local anasthesia in performing the operation. I have had personal experience of the anesthesia produced by the gamma-rays, for last July, as a result of handling radium daily over a period of two months, changes occurred in the skin of the forefinger and thumb of my right hand, which caused a temporary loss of tactile sensation, but marked sensibility to heat and cold. Within fifteen hours of the commencement of radiation the malignant cells in the immediate vicinity of the tube of radium begin to degenerate. The nuclei become irregular in shape and in places are broken up into one or more fragments. Twenty-four hours later all that can be seen is a structureless mass, embedded in which are a number of cells in various stages of degeneration (figs. 1, 2, 3 and 4). In the region of the growth, where the intensity of the rays is less, the cells may also be seen to be altered. Their norinal arrangement is lost and the malignant mass is broken up into isolated groups of cells. Round cell sarcoma; appearance before exposure to the gamma-rays.
In some microscopic sections a definite line of demarcation has been seen between fully degenerated cells and the relatively unaltered malignant cells ( fig. 6 ). It is possible that this observation may assist in determining the radius of action of a known quantity of radium, when inserted into a growth whose microscopic characters have been previously investigated. If, three days following radiation, a part of what remains of the growth be removed, further changes will be noted.
The connective tissue cells have commenced to proliferate and those malignant cells which have escaped immediate death show apparent vacuolation with greatly enlarged nuclei (figs. 7 and 8).
In a considerable number of cases, within fourteen days of the application of the radium absence of cancer cells can be demonstrated.
On the other hand, some growths appear more resistant to the action of the gamma-rays, and if microscopic examination be made as long as two months after radiation, malignant cells will be detected, though changed from the normal. The cells show a peculiar vacuolated appear- ance with swollen nuclei. Around the malignant cells will be observed dense fibrous tissue.
It has been suggested that the rapid degeneration of the cells of a carcinoma when exposed to the gamma-rays is due to the presence of the metal tube containing the radium. To clear up this point I performed a test experiment. A silver tube 11 in. long, one end of which contained 40 mg. of radium bromide, was inserted into a recurrent mammary growth in the skin for twenty hours. At the end of this tinme that portion of growth in contact with the whole length of the tube was removed. Microscopic examination showed that only those cells which were in the neighbourhood of the radium were degenerating. The growth in contact with that part of the silver tube containing no radium was unaltered ( fig. 9 ). It will be seen, therefore, that the effect of exposing malianant growths to the gamma-rays of The action of the radium on the connective tissue cells shows its similarity to the attempt of Nature to arrest the growth of 'cancer through overgrowth of fibrous tissue. Considerable difficulty arises wh,en an attempt is made to interpret the meaning of the changes which I have described. Wedd and Russ have exposed mouse carcinoma outside the body to the beta-and gamma-rays from an intensity of 2 mg. of radium bromide per square centimetre for periods varying from one to twenty-four hotirs and failed to find any microscopic changes unless the irradiated tumour were re-inoculated; yet when the cells of human carcinoma are exposed in the body to the gamma-rays profound alterations are detected. These observations suggest that the tissue fluids must play some part in causing so rapid a degeneration of the malignant fig. 3 .) cell. It is quite possible that the change produced in the cancer cell by the rays of radium is a chemical one, and it is only when in contact with certain constituents of the blood or lymph that these degenerative changes can take effect.
A knowledge of the degree of sensibility of different types of malignant cells, on exposure to the gamma-rays, is, in my opinion, the keystone to improvement of treatment of cancer with radium. I have found that the cells of those tumours, which by ordinary methods of histological diagnosis appear to be round cell sarcoma, are very sensitive to the action of radium. On the contrary, the spindle cells of a periosteal sarcoma are more resistant to the rays.
Turning to the carcinomata, we find remarkable differences in sensibility. In the squamous cell variety degenerative changes in the cells, such as keratinization, tend to be increased by exposure to radiation. Further investigation is needed to explain why the sensitiveness Squamiious cell carcinoma of ear; appearance before exposure to the gamma-rays. of squamous celI carcinoma of the cervix uteri, as I have found it to be, is greater in those cases which give rise to severe haemorrhage than in other varieties. With regard to columnar cell carcinoma, both Dominici and Degrais have pointed out the great resistance of this type of growth to the rays. It is difficult to understand why this should be so, for columnar cells are well recognized as the most delicate of epithelial structures. My experience of the effect of the gamma-rays on different varieties of spheroidal cell carcinoma is too limited for a definite statement -to be made. The difficulty of carrying out a systematic microscopical investigation of cases of carcinoma of the breast is obvious.
I have already pointed out that three days after radiation the connective tissue cells show proliferation. This overgrowth of the connective tissue elements of a carcinomatous tumour has an important bearing on'the subsequent changes in those cancer cells which may have escaped immediate destruction on exposure to the gamma-rays. It is not improbable that in course of time malignant cells which had survived radiation would be killed by the contraction of newly formed connective tissue.
Investigators of the effect of radium upon pathological tissues have now fully recognized that the action of this therapeutic agent is essentially a selective one.
It has not yet been determined whether the proliferation of connective tissue cells, which follows destruction of malignant cells, is due to the rays themselves or is the result of their action on the cancer cell.
A study of the changes, if any, which may take place in metastases following radiation of the primary growth has, as far as I am aware,never been attempted in this country. A statement on this subject must necessarily be guarded at the present time, for the evidence in favour of any change is extremely slender. However, in the case of FIG. 7. Appearance of growth ( fig. 5 ) three days after treatment with 150 mg. of radium bromide, and at a distance of about 1 in. from where tube of radium was inserted. This section shows the proliferation of the connective tissue cells. (Figs. 5, 6, and 7, tongue disappeared under radium treatment. Following the exposure of the growth to the rays, the glands in the neck became smaller and more movable. Two months later, as the glands were still palpable, it was decided to remove them by operation. I was present at the operation, and I can state with confidence that I have never seen enlarged glands, secondary to a growth of the tongue, dissected out with such little difficulty. Considerable difference of opinion was manifested at the meeting as to the nature of the growth in these glands. it is possible that the difficulty in diagrnosis was due to the change which had taken place in the malignant cells following the disappearance of the primary tumour. Since this case was pubiished I have had the opportunity of noting in two other patients a similar decrease in the size of lymphatic glands following exposure of the primary growth to the gamma-rays.
Recently, through the kindness of Mr. Bonney, I was able to secure a microscopic section of a metastasis in a lymphatic gland secondary to squamous cell carcinoma of the cervix uteri treated with radium (figs. 10 and 11). It is well recognized that the cellularity of metastases is at least as great as that of the primary growth. This is especially so in the FIG. 9. Photomicrograph of carcinoma of breast showing the unaltered growth in contact with the part of the silver tube containing no radium, and the degenerated growth in contact with that which contained 40 mg. of radium bromide. (Low magnification.) case of lymphatic glands. Yet the microscopic picture of the metastasis in this case shows but a fewislands of malignant cells, surrounded by a nass of newly formed connective tissue. I have examined a number of sections of gland metastases of squamous cell carcinoma of the cervix uteri and failed to find in them the least resemblance to this specimen in respect of the amount of fibrous tissue. Are such changes, macroscopic and microscopic, as I have described in lymphatic gland metastases due to the direct action of the gamma-rays of radium ? If a gland metastasis is so near to the radiated primary growth as to be exposed to rays of great intensity in sufficient quantity, changes in the malignant cells will certainly occur. However, in the cases I have seen, some of the metastases have been at such a distance from the primary growth as to preclude any possibility of their being directly affected by the rays. It is possible that the absorption of degenerated and degenerating cancer cells at the primary site due to exposure to the gamma-rays leads to the formation of some substance which not only retards the growth of the malignant cell at a distance, but also stimulates the connective tissue cells to proliferate.
Evidence was brought before the Pathological Society of Great Britain and Ireland at the January meeting in a paper by B. H. Wedd, A. C. Morson and S. Russ, that the cells of mouse carcinoma when irradiated by radium can confer immunity, so that a graft of nonradiated tumour when inoculated does not grow. Whether the cells of human carcinoma which disappear in the body when exposed to radium FIG. 11 .
Appearance of lymphatic gland metastasis one month after primary growth ( fig. 10 ) had been exposed to radiation. (Same magnification as fig. 10 .) likewise confer any degree of immunity can only be settled by further investigations.
Much research work remains to be done before we can place radium therapy, in relation to the treatment of cancer,, on a sound scientific basis. At the present time, all that we can claim is that certain microscopic and macroscopic observations have been made which compel us to continue this line of research.
